Introduction
While 1-D, 2-D and 3-D arrays of cadmium complexes attract attention in terms of their possible applications in chemical luminescence [1] [2] [3] [4] [5] , the focus of our studies has been upon the delineation of the factors that control supramolecular aggregation in these and related systems. An emerging theme from our work indicates that steric control, exerted by (i) ligand-bound R groups, (ii) metalbound organic substituents, (iii) where applicable, restricted coordination ability of diimine bases, and (iv) some combination of (i)-(iii) above, can be exploited to generate specific aggregation patterns [6] [7] [8] . For example, large ligand-bound R groups preclude dimerisation in molecules with the general formula Hg(S 2 CNR 2 ) 2 [9] and reduce aggregation in Zn(S 2 COR) 2 so that 2-D arrays are found for R ¼ Et but isolated tetramers are found when R ¼ iPr [10] . In organotin systems, e.g. R 2 Sn(O 2 CR 0 ) 2 , where HO 2 CR 0 is 2-picolinic acid or 2-quinaldic acid, bulky tin-bound R groups have been shown to restrict polymerisation [11] ; a similar situation pertains in the organomercury dithiolates [12] . In adduct formation with diimine bases, such as in systems of the general formula, [Zn(S 2 P(OR) 2 ) 2 (bridging dipyridyl-type ligand)] n [13] [14] [15] , polymers can be precluded when the diimine base is too small to allow bridging. As a continuation of this theme, this contribution reports the crystallographic characterisation of a series of cadmium dithiophosphate adducts of the isomeric n-pyridinealdazine ligands; the n ¼ 4 example of which is shown in Scheme 1.
Experimental Synthesis and characterisation
The Cd(S 2 P(OiPr) 2 ) 2 compound was prepared in a high yield from the reaction of Cd(SO 4 ) Á H 2 O (Aldrich) and the ammonium dithiophosphate (Cheminova) in aqueous solution. The adducts were obtained from refluxing (2h) the parent cadmium compound (0.2g) with a 1 : 1 stoichiometric amount of the n-pyridinealdazine ligand, n ¼ 2, 3 and 4 (Aldrich), in CHCl 3 solution. After reaction, the solvent was removed in vacuo and the residue recrystallised by slow evaporation from dichloromethane/hexane ( 2 = 1 ), for (1) , and chloroform/acetonitrile ( 3 = 1 ), for (2) and (3), solutions of the respective compounds.
IR spectra were obtained as KBr disks using a Bio-Rad FTS165 FTIR spectrophotometer and elemental analyses were performed on a Perkin Elmer PE 2400 CHN Elemental Analyser.
[Cd(S 2 P(OiPr [ A) . The program SMART [16] was employed for the collection of data frames, indexing the reflections and the determination of lattice parameters. Integration and scaling of intensity data was accomplished using SAINT [16] and an absorption correction was applied using SA-DABS [17] . The structures were solved by heavy-atom methods [18] and refined by a full-matrix least-squares procedure based on F 2 [19] . Typically, non-hydrogen atoms were refined with anisotropic displacement parameters and hydrogen atoms were included in the models in their calculated positions in the riding model approximation [19] . A weighting scheme of the form
)/3, was introduced and the refinement continued until convergence in each case. There was evidence for high thermal motion in several of the structures and in some instances it was possible to model the disorder. Such problems are often observed in studies of this type [e.g. 9, 13]; ambient conditions precluded lower temperatures for the data collection. In the refinement of (1), two sites were discerned for the O1 and C1 atoms and from anisotropic refinement, these each had 50% site occupancy factors. In (2), disorder was modelled for the C5-and C6-methyl carbon atoms. Two sites were also discerned for each of these atoms (anisotropic refinement) and the major component had a site occupancy factor ¼ 0.634 (16) . The numbering schemes employed are shown in Figs. 1-3 which were drawn at the 50% probability level with ORTEP [20] . Other Figures were drawn with DIAMOND [21] with arbitrary spheres. The programmes teXsan [22] and PLA-TON [23] were also used for the analysis of the structures.
Crystallographic data and refinement details are collected in Table 1 .
Results and discussion

Molecular structures
The molecular structure of the dimeric complex
(1) is shown in Fig. 1 and selected geometric parameters are listed in Table 2 . The immediate coordination geome- try about the cadmium atom is defined by two essentially chelating dithiophosphate ligands and two pyridine-nitrogen atoms derived from the 2-pyridinealdazine ligand that effectively provides a N \ N chelate. There is a correlation in the S--Zn--S chelate angles, Table 2 , in that the more asymmetrically coordinating ligand subtends the more acute angle at the central atom. This correlation is repeated in the subsequent structures. The coordination geometry approximates an octahedron based on a cis-N 2 S 4 donor set with the greatest deviations from the regular geometry being ascribed to the influence of the tight chelate angles, including the N--Cd--N chelate angle of 67.17(8) A. The Cd-N bond distances are not equal with that formed by the pyridine-nitrogen atom being significantly shorter, at 2.352(3) A, compared with that involving the azo-nitrogen atom of 2.566(2) A. This disparity is the likely source for the differences in the Cd--S bond distances discussed above. As indicated in Fig. 1 , the structure of (1) is dimeric; the overall molecule is disposed about a crystallographic centre of inversion. This implies that the 2-pyridinealdazine ligand has an anti conformation and that it functions as a m 2 -tetradentate ligand. While the crystallographic symmetry enforces co-planarity upon the central portion of the molecule, there is a small twist about the C17--C18 bond so that the 2-pyridinealdazine ligand is not strictly planar; the N1/C17/C18/N2 torsion angle is À4.6 (5) . Nevertheless, there appears to be little evidence of significant delocalization of p-electron density over the 2-pyridinealdazine ligand as evidenced by the N2--C18 and N2--N2 i bond distances of 1.272(4) and 1.405(4) A, respectively; similar conclusions pertain to the structures of (2) and (3), which adopt polymeric motifs as described below.
Polymeric structures
The coordination geometry for the cadmium atom in
is shown in Fig. 2 and selected bond distances and angle are included in Table 3 . The cadmium atom is situated on a crystallographic centre of inversion and is coordinated in a trans-N 2 S 4 donor set, by contrast to that observed in (1) . In this case the Cd--S bond distances differ by only 0.021 A and it is noteworthy that the Cd--N bond distance is longer in (2) compared to (1); a similar observation is applicable to the structure of (3), Table 3 , but not to the same extent. The 3-pyridinealdazine ligand is also disposed about a centre of inversion (symmetry operation: À1 À x, Ày, Àz). An almost identical coordination pattern as just described, including crystallographic symmetry, is observed in the structure of [Cd(S 2 P(OiPr) 2 ) 2 (4-NC 5 H 4 C(H)¼NN¼C(H)C 5 H 4 N-4)] 1 (3), see Fig. 3 .
The structures of both (2) and (3) form polymers and to a first approximation, each adopts a step-ladder topology. This is because the bridging ligands are all orientated in the same direction. Representations of the polymers are shown in Fig. 4 which emphasises the similarities between them. The base vector for the polymer in (2) is along the 1 0 1 direction and that of (3) is along the 1 1 0 direction. By virtue of the fact that a trans-N 2 S 4 coordination geometry is found for cadmium in these polymers, coupled with the crystallographic inversion symmetry of the 3-and 4-pyridinealdazine ligands, the cadmium atoms form a straight line in the polymer backbone. The topology of the polymeric chain for (2) can be summarised by the following geometric parameters. The Cd . . . Cd separation is 14.78 A, the span of the NN donor atoms is 10.67 A, the twist between the central entity of the pyridinealdazine ligand and the 3-pyridyl groups is À179.9(4) (i.e. torsion angle C7/C8/C12/N2) and the dihedral angle between the least-squares planes through the CdS 2 P and 3-NC 5 H 4 rings is 83.96 (14) . Finally, the pitch of the polymer, measured as the angle between the N--Cd--N axis, 180 from symmetry, and the N ! N vector of the pyridinealdazine ligand is 142
. Small but significant differences are evident between these parameters and those defining the polymer 290 C. S. Lai and E. R. T. Tiekink 
a: Symmetry operation i: Àx, Ày, 1 À z. (3), there is a greater twist within the 4-pyridinealdazine ligand as seen in the C8/C9/C12/N2 torsion angle of 160.71 (19) , there is now a substantial twist about the Cd--N bond as seen in the dihedral angle between the CdS 2 P and 4-NC 5 H 4 planes of 73.05 (7) and, finally, the pitch is somewhat flatter at 157
, reflecting the relative disposition of the pyridine-nitrogen atoms in the pyridinealdazine ligands and a more "linear" topology. Figure 5 shows "end-on" views of the polymeric structures where the linear arrangement of cadmium atoms is evident (see above) but also the effect of the twist within the the respective 3-and 4-pyridinealdazine ligands connecting the cadmium centres. So for (2), a planar conformation is found for the 3-pyridinealdazine ligand but a somewhat twisted conformation is observed for the 4-pyridinealdazine ligand.
General comments
Of the n-pyridinealdazine ligands investigated in this study, the 2-isomer generated a dimeric species even thought the reaction conditions employed a 1 : 1 ratio of cadmium dithiophosphate to ligand, conditions that led to the formation of polymers for the n ¼ 3 and 4 isomers (see Experimental). The generation of a dimer in the case of (1) can be readily ascribed to the coordination potential of the 2-pyridinealdazine ligand. As the pyridyl-nitrogen, assumed to be the first connection to cadmium owing to its greater strength judged on the basis of its shorter Cd--N bond distance, forms a bond to the cadmium centre, the close proximity of the azo-nitrogen atom makes chelation irresistable so that a polymer can not form. The coordination geometry for cadmium is therefore based on a cis-N 2 S 4 donor set. Introducing additional carbon links between the putative coordinating nitrogen atoms, precludes chelation by the 3-and 4-pyridinealdazine ligands but allows for a bridging mode to be adopted and therefore the formation of polymers; the cadmium atoms now exists in trans-N 2 S 4 environments. The distances between the pyridyl-nitrogen atoms in the 3-and 4-pyridinealdazine molecules of 10.67 for (2) and 11.34 A for (3) do not impose restrictions on the resultant polymers that uniformally take on step-ladder topologies, with that of (3) approaching linearity. While the new polymeric structures reported herein add to the known polymer topologies for cadmium dithiophosphate adducts of di-pyridyl-type molecules, i.e. linear and zig-zag polymer topologies have been reported previously [24] [25] [26] , the degree of control over polymer topology in the cadmium dithiophosphate adducts appears to be somewhat less that what can be achieved in the analogous zinc dithiophosphate system. The additional control over polymer formation and, when formed, polymer topology in the latter system is ascribed to the shorter zinc-ligand interactions that extenuates steric effects exerted by dithiophosphate-bound R groups.
